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DECLARATION OF STUART B, CHINN UNDER 37 CFR 1.131 



Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 

Dear Sir: 

I, Stuart B. Chinn, declare and state as follows: 

1 . I am the attorney who prepared the application of the above-referenced patent. Roger R. 
Wise (Reg. No.: 31,204), a partner in my office, filed the application. 

2. On October 23, 2003, 1 prepared, in the United States, a draft of the application. I sent 
the draft as an enclosure to a letter and as an attachment to an email (on October 23, 
2003) to Howard S. David, the inventor, for his review. The inventor was in the United 
States. Attached as "Exhibit A" is a true and accurate copy of the letter, the email, and 
the draft of the application. 

3. The draft of the application, i.e., the specification and the drawings, show conception, in 
the United States, of the invention claimed in U.S. Patent Application Serial No. 
10/713,486. The draft application is substantially identical to the application as filed. 

4. The application was constructively reduced to practice by the filing of the application in 
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the U.S. Patent Office on November 14, 2003. Thus, the date of invention is at least as 
early as October 23 , 2003 . 

5. I hereby declare that all statements made of my own knowledge are true and that all 

statements made on information and beUef are beUeved to be true, and, further, that these 
statements were made with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of 
the United States Code and that such willful false statements may jeopardize the validity 
of the appUcation and any patent issued thereon. 



Stuart B. Chmn Date 
Ends: Letter, email, and draft appUcation. 



725 South Figueroa Street, Suite 2800 
Los Angeles, CA 90017-5406 
Telephone: (213)488-7100 
Facsimile: (213) 629-1033 
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Stuart B. Chiim 
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schiim@pillsburywinthrop.com 

PRIVILEGED & CONFIDENTIAL 
ATTORNEY-CLIENT COMMUNICATION 
ATTORNEY-CLIENT PRIVILEGE 
VIA FEDERAL EXPRESS 

Howard David 
3745 SW 48* Place 
Portland, Oregon 97221 

Re: Preparation of U.S. Patent Application for: 
PARTIAL BANK DRAM REFRESH 

Intel Matter No.: P-15159 

Disclosure No. : 2444 1 

Our Ref. No.: 81674-294374 

Mr. David: 

Please find enclosed a draft of the above-identified patent application that we have been 
preparing for Intel Corporation. Formal drawing figures are also enclosed herewith. 

We understand that you are the inventor, so you must review the application. If there are 
other inventors, those inventors must also review the application. Please remember that 
the inventors are the people who, in whole or in part, conceived of the claimed subject 
matter such that one of ordinary skill in the field could build the claimed device or 
implement the claimed method. In that connection, when you review the claims, make 
sure that you are the inventors of the subject matter recited therein. 

It is our understanding that this invention has not been offered for sale, has not been 
publicly known or used, and has not been disclosed in a pubhcation more than one year 
ago. In the United States, any patent appUcation MUST be filed no later than one year 
after the invention is first offered for sale in the United States, described in a printed 
publication anywhere in the world, or publicly known or used in the United States. 
Please let us know immediately if our understanding of the facts is incorrect. 
As you review the appUcation, please bear in mind that it is important to consider 
alternative embodiments of the invention. The altemative embodiments may include the 
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different ways in which you contemplate implementing or using the invention. If you 
contemplate additional implementations or uses of the invention, you may want us to 
describe them in additional figures and corresponding text. We may then add more 
claims in the application which are directed to these altemative embodiments. 

To be complete, the application must teach one of ordinary skill in the art how to make 
and use the invention in the best mode now known to the inventors. To meet this 
requirement, it is important that the application contain any information known to you 
needed to make the claimed subject matter work where that information is not generally 
known to those of typical skill working in this field, hi addition, you should appreciate 
that if there is any information that is known that makes the device work better in the 
opinion of the inventor, that information must also be disclosed in the application — 
regardless, of whether others in the field know this information. 

Each claim at the end of the application is a separate definition of the invention. Hence, 
each claim will afford a different scope of protection. Some claims are more specific 
than others. We have sought to cover the invention in its broad aspects and in its 
narrower aspects by drafting many claims. 

The claims, which are perhaps the most important part of the application, are the most 
difficult part of the appUcation to understand. The claims actually define the patent 
protection that will be asserted. They should be studied carefully. We suggest that you 
diagram the claims to ensure your full understanding of the claims. 

Please note that many of the claims are dependent. Dependent claims refer to other 
claims by those previous claims' numbers. By doing so, they incorporate by reference 
the contents of the claims to which they refer. For example, if claim two references claim 
one, claim two incorporates the entire subject matter of claim one. Further, if claim three 
refers to claim two, claim three incorporates the subject matter of both claims one and 
two. As you review the application, please do not hesitate to contact us. Also, if 
anything needs to be changed, please feel free to make those changes. 

Remember that all inventors and anyone else involved in the preparation and prosecution 
of the application have a special duty of candor to the Patent Office. Federal statutes and 
regulations require you to disclose to the Patent Office any information that is "material" 
to the examination of the application. Liformation is material where a substantial 
likelihood exists that a reasonable Patent Examiner would consider that the information is 
important in deciding whether to issue a patent. Information relating to public use 
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(including displays), offers for sale, or published descriptions more than one year ago of 
the invention or devices related to the invention may well be material. 

Also, any prior work by you or others, including publications, devices sold by others, etc. 
that occurred before you developed your invention may be material. If you are aware of 
any additional information that may be material, please provide us with such information. 
Please note that it is better to err on the side of disclosing too much information than to 
disclose too little infomiation and that this duty continues throughout the prosecution of 
this patent application. 

Attached is the necessary Declaration and Power of Attorney document for you to sign. 
The Patent Laws require that any individual who signs this Declaration represent that: 
(1) the contents of the specification (including the claims) have been reviewed and 
xmderstood; (2) the individual believes himself or herself to be an original and first 
inventor of the claimed invention; and (3) the individual understands that he or she and 
all individuals having substantial involvement in the preparation or prosecution of the 
appHcation have a duty to disclose to the Patent Office information that they are aware of 
which is material to the examination of the application. Failure to comply with the duty 
of disclosure may well invalidate any subsequent patent. Finally, enclosed is an 
Assignment document to be signed by all of you as well. 

Please take an opportunity to review the draft application and contact us as to any 

questions or comments that you may have. Please do not hesitate to add or change 
anything in the patent application. Once you are all satisfied with the application, please 
execute the formal papers and return them to us for filing as soon as possible. 

If you should have any questions, please feel fi-ee to contact us. Thank you for your 
assistance. We look forward to hearing firom you soon. 

Sincerely, 

PILLSBURY WINTHROP LLP 



Stuart B. Chinn, Esq. 
Enclosures 
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PARTIAL BANK DRAM REFRESH 
BACKGROUND OF THE INVENTION 

1. Field of the Invention 

5 The present invention relates to dynamic random access memory (DRAM), and in 

particular to refreshing techniques. 

2. Discussion of the Related Art 

Memory devices are widely used in many electronic products and computers to store 
data. A memory device includes a number of memory cells. A DRAM device operates by 

10 storing charge on a capacitor at each memory location. Ultimately, the capacitor loses the charge 
over time and therefore needs to be periodically refreshed to its original level, a 1 or 0. All of the 
memory cells must be refreshed within oneT he refresh period, tREF, which mav be for example 
64 ms. Refreshing is accomplished by doing a row access for every row in the memory device. 
In a refresh cycle, all of the capacitors in one or more rows are first read, and then written back 

1 5 to, restoring full charge to the capacitor. The rows and columns of a DRAM device may be 
partitioned into multiple banks to reduce the large DRAM arrays into smaller segments. 

In typical DRAMs, data is not directly transmitted from the storage cells. Rather, data 
may be transferred to sense amplifiers prior to transmission. The sense amplifiers may only store 
one row of data. If an operation is to be performed on a row of data other than the currently 

20 accessed row, two operations must be performed. The first operation, a precharge operation, 
occurs when pairs of bit lines within the memory are equalized to a midpoint voltage level. • 
Secondly, a sense operation occurs when data in the row on which the operation is to be 
performed is transferred to the sense amplifiers. The DRAM device is said to be in a closed state 
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between the precharge operation and the subsequent sense operation. At all other times, the 
DRAM is said to be in an open state, 

A row access operation is performed in four steps. First, a row is opened, or turned on, in 
the sense operation. Turning on a row of transistors that connect one row of storage cells to one 
5 row of sense amps has the effect of draining most of the charge from the storage cells, which in 
turn moves the bit lines slightly away from their precharged neutral level. Second, after the 
sense amps have reached their stable level, another set of transistors are tumed on which allow 
the sense amps to re-drive fiiU data levels (0 or 1) on to the bit lines. The storage cells are also 
restored (refreshed) to their ftill levels. Third, the transistors that connect the storage cells to the 
10 bit lines are shut off, and the page is considered closed. Finally, the bit lines are retumed to their 
neutral Vdd/2 voltage by performing the precharge operation, using a precharge equalization 
transistor. If a refresh operation is performed, there is no need to select a particular bit with a 
column address. Further, data is not read at the pins of the device. 

The 16 Mb generation of DRAM consisted of a single bank of memory, so that each 
15 refresh command would cause one row of the DRAM to be refreshed. With the introduction of 
the 64 Mb generation of synchronous DRAM (SDRAMi devices with four banks became 
available. DRAM performance was improve d because a large degree of concurrency was 
allowed between the banks. The 64 Mbse DRAM were designed so that each refresh command 
would refresh 4 rows of memory, one row in each bank . The time to perform the 4 refreshes. 
20 ti?Fr = 72-80 ns. was longer than the time for a single activate plus read/write cycle, to allow the 
refreshes to be staggered internally. The staggering prevents the large current snike that would 
occur if all banks were refreshed at exactly the same time. For the 64 Mb SDRAM, the refresh 
period tt?FF was 64ms, while the average time between refreshes tpcci was 15.6 us. 
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The 4-bank 256 Mb generation of double data rate SDRAM (DDR SDRAM ) doubled the 
size of the row (the page size) relative to the 64 Mb generation, from 512B to 1 KB. and doubled 
the number of rows (8192) in the device relative to the 64 Mb generation (4096), but left the 
basic operation unchanged: each refresh command caused one row of each bank to be refreshed. 
5 Since twice as manv rows needed to be refreshed in the refresh period t^FF (64ms). the average 
time between refreshes (the refresh interval) tppn was reduced from 1 5.6 us to 7.8 us. in going 
from the 64 Mb to the 256 Mb generation. 

The 4-bank 512 Mb generation of DDR SDRAM doubled the size of each row relative to 
the 256 Mb generation, from 1 KB to 2 KB. Compared to the 256 Mb generation, the refreshes 
10 are the same - each refresh command refreshes all four banks, with a refresh interval tpFPi of 7.8 
us. The larger page size does require a larger current to perfomi the refresh. 

For the 4>bank 256 Mb generation. DDR and DDR2 (second generation) SDRAM have 
. the same number of rows and banks, the same page size, and the same refresh requirements. 
However, starting with the 4-bank 512 Mb generation. DDR2 SDRAM has been defined with a 
15 different combination of page size, number of rows, and number of banks, compared to DDR 
SDRAM. The 4-bank 512 Mb generation of DDR2 SDRAM getsachieves its doubling of 
canacitv bv doubling the number of rows in each bank (16384). while leaving the page size fixed 
at 1 KB. Each refresh command causes two rows to be refreshed in each bank of memorv. This 
is possible because ef^there are actuallv multiple sets of sense amplifiers in each bank of 
20 memorv. The maximum number of rows of a bit line inside the DRAM is nhvsicallv limited to 
around 512 (2^9 bits^). A DDR2 512 Mb SDRAM has 14 row bits, which means there are 
2^(14-9) = 32 sets of sense amplifiers in each bank. These 32 sets are logicallv wired together 
to form one bank, so that reading or writing is normallv onlv allowed to one row of a bank at a 
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time. Allowing two sets of sense amplifiers within the same bank to be used t o refresh two rows 
within the same bank at mostly the same time mav require a small change to th e circuitry that 
connects the 32 sets of sense amplifiers. The total time for the refresh. tpFP (105 ns\ is 
increased. 

The 8-bank 1 Gb generation getsachieves its doubling of capacity bv doubling the 
numbers of banks, from 4 to 8, so that each refresh command must cause 2two rows to be 
refi-esheds in each bank to be refi-eshed. with a total of 16 rows to be refi-eshed for each refresh 
conmiand. The total time for the refi-esh. tprr ri27.5 ns\ is increased to keen the current 
requirements roughly the same as the 512 Mb generation. 

The 8-bank 2 Gb generation achieyesgets -its doubling of capacity by dou bling the 
number of rows in each bank r32768), so that each refi-esh command must cause 4 rows to be 
refresheds in each bank to be refreshed, with a total of 32 rows t o be refreshed for each refresh 
command. The total time for the refi-esh. tppr; (1 95 ns). is also inc reased to keen the current 
reouirements roughly the same as the 1 Gb generation. 

The memory industry has not yet decides how the 4 Gb generation will getachieye its 
doubling of capacity - it can be achieved by doubling either the page size, the number of rows, 
or the niunber of banks. If the refresh current is to stay roughly the same for the 4 Gb 
generation. #^eft-there will be either be-an increase in tprr or a decrease in t ppn], relative to the 2 
Gb generation. 

As the number of storage cells per memory bank, and the number of memory banks per 
device increases, the number of refresh commands issued by a memory controUer-alse 
increas es, and the proportion of time spent refi-eshing the memory increases^ . This ultimately 
results in a refresh overhead that unacceptably impacts the performance of normal memory 
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accesses. In order to reduce refresh overhead, it may be desirable to refresh a fraction of the 
banks for each refresh command. This approach may be called partial multibank refresh. With a 
given refresh command, a fraction of the banks may be either simultaneously or sequentially 
refreshed. To maximize overall system performance it may be more desirable to refresh banks 
5 simultaneously in order to minimize the time that bank resources are tied up. Additionally, as 
DRAM devices become larger, the time required from the refresh command until the next 
command, the AUTO-REFRESH command period tRFc, grows substantially. The impact of 
increased tape is an increase in the read latency of read requests that occur during the refresh 
itself For a DRAM device with a larger number of banks, there will be times when the read and 

10 write activity is skewed to one portion or another of the DRAM. Performance may be improved 
if refreshes are done opportunistically to the portion of the DRAM not in use, with concurrent 
read or write operation to the remaining portion of the DRAM. 

As microprocessor speed increases, memory access speed must also increase. At the 
same time, the number of memory banks per memory device continues to increase, for example 

15 from four banks to eight banks to sixteen banks. Using current DRAM technology, the refresh 
command causes all of the banks of the DRAM to be refreshed. With multi-bank memories 
more locations need to be refreshed at any given time, and refreshing draws more power in a 
shorter time for the larger multi-bank memories. Therefore, either the current required for an all- 
bank refresh operation will be roughly double, for example, for eight banks as compared to four 

20 banks, or the time required to perform the refresh operation will be approximately twice as long 
compared to the four bank refresh. Thus, current spikes can cause significant noise problems on 
the power line during a refresh operation, and a longer refresh will increase the latency of any 
reads that are waiting for the refresh to complete. Accordingly, curr e nt r e fresh protocols limit 
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refr e shing to on e row at a tim e in ord e r to control r e fr e shing nois e . What is needed is a partial 
refresh command that refreshes additional more than on e rows of a bank at a tim e and a fraction 
of the banks of a DRAM d e vic e p er command. 
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Brief Description of the Drawings 

FIG. 1 illustrates a block diagram of a computer system suitable for use with an 
embodiment of the invention; 

FIG. 2 illustrates a block diagram of a SDRAM according to an embodiment of the 
5 present invention; 

FIG. 3 is a timing diagram illustrating an auto refresh operation; 

FIG. 4 illustrates a block diagram of a refresh counter according to an embodiment of the 
present invention; 

FIG. 5 illustrates using an all bank refresh command to refresh 16 rows according to an 
embodiment of the present invention: 

FIG. 6 illustrates using an upper/lower half bank refresh command to refresh 8 rows 
according to an embodiment of the present invention: 

-FIG. 7 illustrates using an upper/lower half bank refresh command to refresh 16 rows 
according to an alternative embodiment of the present invention: a ad 

FIG. 5-S,illustrates a flow chart diagram of a partial bank refresh to a portion of the banks 
occurring along with an activate operation followed by a read or write operation according to an 
embodiment of the present invention^j^T 

FIG. 9 illustrates a memory controller according to an embodiment of the present 
invention. 
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Detailed Description 

The present invention improves the performance of memory subsystems by providing a 
method to refresh a fraction of the banks in a DRAM in response to a given refresh command. 
Refreshing a fraction of the banks allows a degree of concurrency with reads and/or writes to the 
remaining banks in the DRAM which are not being refreshed. Additional performance may be 
gained because it is not necessary to close the pages of the banks that are not being refreshed, 
potentially reducing the read latency to the data in those banks. Li embodiments of the present 
invention each refresh command refreshes half of the banks in the DRAM. For example^ ii n one 
embodiment, each refresh comman d ^refreshing half of the ba nks in the DRAM^ does half as 
much work as an all-bank refresh command (for the same number of rows per bank), so that 
twice as many refresh conraiands are needed per refresh period tREF- hi a second embodiment, 
the number of refresh commands ggLrefresh period tREF stays the sam e as an all bank refresh , so 
that each refresh command refreshes twice as many rows per ban k fas compared with the all 
bank refresh! thereby accomplishin^ deiftg as much work per refresh command as an all-bank 
refresh command would. 

As discussed above, DRAM devices require periodic refresh operations to retain data in 
its storage cells. A refresh operation consists of a row sense operation and a row precharge 
operation. Each memory cell needs to be refreshed within the refresh period tREF- A typical tREF 
value may be 64 ms. Therefore, each row in each memory bank needs to be refreshed within 

tREF- 

As the number of banks per memory device increases and as the number of devices in 
memory systems increases, the number of precharge and refresh commands issued by a m emory 
controller also increases. This ultimately results in a precharge and refresh overhead that 
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unacceptably impacts the performance of normal memory accesses as measured by effective data 
bandwidth and memory access latency. 

As discussed above, a problem caused by all-bank refreshing is the generation of current 
spikes. Each refresh operation for each bank requires a certain amount of supply current over 
5 time. For a row sense operation there is a large initial spike because the row sensing circuits 
have been designed to access cell data as quickly as possible in order to minimize the latency. 
With all-bank refreshing, multiple banks simultaneously conduct a row sense, thus, the current 
spike effect may be additive causing greater probabihty of circuit failure. 

The present invention implements refreshing a fraction of the banks for each refresh 

10 command to reduce refresh overhead on the memory system bus. This approach is called partial 
multibank refreshing. With a given refresh command, either a fraction of the banks are 
simultaneously refreshed, or a fraction of the banks are sequentially refreshed from the same 
command. To maximize overall system performance it may be more desirable to refresh banks 
simultaneously in order to minimize the time that bank resources are tied up. - Within each bank. 

15 it is also desirable to refresh multiple rows, either simultaneously or in a staggered fashion. 

In an embodiment of the present invention, the generation of row and bank addresses 
during refresh is spUt between on-chip and external conraiands. A row counter is provided on 
the memory chip, with the row counter being used for refresh operations, both normal and self- 
refresh. Only the bank address needs to be sent over the memory bus. 

20 FIG. 1 is a block diagram of a computer system suitable for use with the invention. 

Computer system 100 comprises bus 101 or other device for commimicating information, and 
processor 102 coupled with bus 101 for processing information. Computer system 100 fiirther 
includes synchronous dynamic random access memory (SDRAM) or other dynamic storage 
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device 104 (referred to as main memory), coupled to bus 101 for storing information and 
instructions to be executed by processor 102. Main memory 104 also can be used for storing 
temporary variables or other intermediate information during execution of instructions by 
processor 102. Computer system 100 also comprises read only memory (ROM) and/or other 
5 static storage device 106 coupled to bus 101 for storing static information and instructions for 
processor 102. Data storage device 107 is coupled to bus 101 for storing information and 
instructions. 

Data storage device 107 such as magnetic disk or optical disc and corresponding drive 
can be coupled to computer system 100. Computer system 100 can also be coupled via bus 101 

10 to display device 121, such as a cathode ray tube (CRT) or liquid crystal display (LCD), for 
displaying information to a computer user. 

Alphanumeric input device 122, including alphanumeric and other keys, is typically 
coupled to bus 101 for communicating information and command selections to processor 102. 
Another type of user input device is cursor control 123, such as a mouse, a trackball, or cursor 

15 direction keys for communicating direction information and command selections to processor 
102 and for controlling cursor movement on display 121. 

In one embodiment, processor 102 and one or more of the components coupled to bus 
102, such as main memory 104, are source synchronous components. Of course, any one or 
more components of computer system 100 can be soxxrce synchronous. Thus, computer system 

20 100 can be either a partially source synchronous or fully source synchronous environment. In 
one embodiment, computer system 100 is a differential-strobe source synchronous system in 
which complementary strobe signals are communicated in parallel with data signals over the bus. 
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Alternatively, computer system 100 is a single-strobe source synchronous system in which a 
single strobe signal is communicated in parallel with data signals over the bus. 

A synchronous dynamic random access memory (SDRAM) according to embodiments of 
the present invention is illustrated generally at 200 in FIG. 2 in block diagram form. The present 
5 invention is not limited to SDRAMs, as the present invention is equally applied to other types of 
memory devices. Only the circuitry relevant to the current discussion is shown. As illustrated in 
FIG. 2, SDRAM 200 may include 8 memory bank arrays, a bank 0 memory array 220 up to a 
bank 7 memory array 227 which all comprise storage cells organized in rows and columns for 
storing data. 

10 A system clock (CLK) signal is provided through a CLK input pin and a clock enable 

signal (CKE) is provided through a CKE input pin to SDRAM 200. The CLK signal is activated 
and deactivated based on the state of the CKE signal. All the input and output signals of 
SDRAM 200, with the exception of the CKE input signal during power down and self refresh 
modes, are synchronized to the active going edge of the CLK signal (See also FIG. 3). 

15 A chip select (CS*) input pin inputs a CS* signal which enables, when low, and disables, 

when high a command decoder 260. The command decoder 260 is included in a command 
controller 280. The comm^d decoder 260 receives control signals including a row access strobe 
(RAS*) signal on a RAS* pin, column access strobe (CAS*) signal on a CAS* pin, and a write 
enable (WE*) signal on a WE* pin. The command decoder 260 decodes the RAS*, CAS*, and 

20 WE* signals to place the command controller 280 in a particular command operation sequence. 
The command controller 280 controls the various circuitry of SDRAM 200 based on decoded 
commands such as during controlled reads or writes from or to bank 0 memory array 220 
through bank 7 memory array 227. Bank address signals (BAO, BAl, BA2) are provided on 

11 
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separate BA input pins to define which of at least one memory bank array should be operated on 
by certain commands issued by the conraiand controller 280. 

Address inputs bits are provided on input pins AO- AN. Current DDR and DDRII 
specifications define up to 16 address pins, A0-A15. For example, 1 Gb SDRAM devices use 
5 input pins A0-A13. The row and column address input bits are multiplexed on the address input 
pins. During write transfer operations, data is supplied to SDRAM 200 via input/output pins 
(DQ1-DQ4). During read transfer operations, data is clocked out of SDRAM 200 via 
input/output pins DQ1-DQ4. 

SDRAM 200 must be powered-up and initialized in a predefined manner. In addition, all 
10 memory bank arrays 220-227 must be precharged and placed in an idle state. The precharging of 
the memory bank arrays is preformed with a precharge command operation. 

Two refi-esh commands are typically available in SDRAM 200, an AUTO-REFRESH 
command and a SELF-REFRESH command. The AUTO-REFRESH command is performed 
with a refi-esh controller 240 and a refresh counter 245 in a manner described below to refresh 
1 5 the memory bank arrays 220-227. The SELF-REFRESH command is performed with the refresh 
controller 240, a self-refresh oscillator and timer 260, and the refresh counter 245. The self- 
refresh oscillator and timer 260 internally generates a clock signal to provide intemal timing for 
refreshes which occur in self-refresh mode. 

An AUTO-REFRESH command is initiated by registering CS*, RAS* and CAS* low 
20 with WE* high. The AUTO-REFRESH command is non-persistent, and therefore must be 
issued each time a refresh is required. Addressing of the rows is generated by intemal refresh 
controller 240 and refresh counter 245. Thus, the AO- AN address inputs are treated as "don't 
care" conditions during an AUTO-REFRESH command. In one embodiment of the SDRAM 
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20 0 (256 Mb DDR2) having 8192 rows, all 8192 rows need to be refreshed every 64 ms. 
Therefore, providing a distributed AUTO-REFRESH command approximately every 7.8 
microseconds meets this refresh requirement and ensures that each row is refreshed. 

An auto refresh operation in one embodiment of SDRAM 200 performed in a memory 
5 bank array specified by the BA signals (BAO, BAl , BA2) during auto refresh mode is illustrated 
in timing diagram form in FIG. 3. As indicated in FIG. 3, each auto refresh operation in this 
embodiment of SDRAM 200 is to at least one memory bank array specified by the state of the 
BA signals (BAO, BAl, BA2) provided on the BA pins. 

Preferably, the AUTO-REFRESH commands are alternated between banks. However, 
10 more than one row in each of the specified banks may be auto refreshed before switching banks. 
In an embodiment of the present invention, refresh counter 245 counts partially through the rows 
of the at least one specified bank tbe^ hbefore a memory controller switches to other banks. In 
this embodiment, refresh counter 245 preferably coimts through a specified number of rows from 
0 to N prior to the memory controller switchggifig banks. For example, in one embodiment, 
15 refresh covmter 245 provides addresses for row 0 of the specified banks, then row 1 of the 

specified banks, then row 2 of the specified banks, . . . , and finally row N of the specified banks 
of SDRAM 200. In this embodiment, once at least one memory bank array is auto refreshed, 
some combination of the other memory bank arrays can be auto refreshed. The nimiber of rows 
N per bank refreshed per AUTO-REFRESH command can be calculated from DRAM timing 
20 specifications: 

Rows per refresh = Rows per bank*Nimiber of banks* tREPi / tREP 
tREFi = average interval between refresh commands 
tREF = Refresh Period 
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For exampl e referring to FIG. 5 . for an all bank refresh of a 1 Gb DDRII DRAM having 8 
banks, 16384 rows per bank, Irefi =J.8 us, and Iref =.64 ms. 

Rows per refresh = 8 * 16384 * 7.8 us / 64 ms = 16 (Each bank will have two rows 
refreshed per refresh command). Hf refreshing a row takes approximately tpr = 60 ns. and the 
row refreshes are staggered bv about 4 ns. then a 1 Gb DDR2 refresh command would take 60 + 
15 * 4 = 120 ns. roughly consistent with the DDR2 specification of 127.5 ns N oto that 8 r e fr e sh e s 
fnr n PnT^TT 1 Gh DRAM nro nproad nut, one ntartod morv 7.5 na . Using the all bank refresh 
requires 8192 refresh commands per tpFF= 64 ms. Note that the rows are refreshed in a 
staggered fashion per refresh command to prevent the large current spike that would occur if all 
rows were refreshed at exactly the same time. Table A includes data for various other DRAM 
devices. 

TABLE A 



DDR2DRAM 
Size 


Banks 


Rows/refresh 


tRFC 


row per bank per 
refresh 


256Mb 


4 


4 


75 ns 


1 


512Mb 


4 


8 


105 ns 


2 


1Gb 


8 


16 


127.5 ns 


2 


2 Gb 


8 


32 


195 ns 


. 4 



A refresh counter 245 employed in one embodiment of SDRAM 200 is illustrated in 
1 5 block diagram form in FIG. 4. This embodiment of SDRAM 200 includes a separate refresh 
counter portion for each memory bank array in the SDRAM. For example, as illustrated in FIG. 
4, refresh coimter 245 includes a refresh counter bank 0 portion 245 A and a refresh counter bank 
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1 portion 245B, up to a refresh counter bank 7 portion 245H. If each memory bank array has 
46Sga -16384r ows, each refresh counter bank portion includes 14 bits to hold the existing row 
address currently being refreshed. This is in contrast to a single portion counter 245 which has 
one counter portion with 14 bits to address the 16382 rows of every memory bank array. 
5 By having a refresh counter portion dedicated to each bank, the auto refresh operation 

can stop partially through the refreshing of rows in a given specified bank. For example, an auto 
refresh operation can be performed for row 0 through row 4 in bank 0, then switch to bank 4-4,to 
perform auto refreshes on row 0 through row 4 in bank 4 addr@gs e d rows . When the auto refresh 
operation retums to bank 0, the count held in refresh counter bank 0 portion 245 A indicates that 

10 the refreshing was last performed on row 4 of bank 0, so that refreshing then begins in row 5 or 
whatever row was due to be refreshed prior to switching banks. 

An auto refresh operation may be performed on at least one specified memory bank array 
of an SDRAM 200 using BA signals (BA), BAl, BA2) during auto refresh mode as described in 
more detail below. In embodiments of the present invention, other commands can be performed 

15 on the memory bank arrays not being refreshed. 

A new "partial refresh command" is defined in Table B for an SDRAM with eight banks. 
For these eight bank SDRAM parts, a refresh command with BA2 driven low will cause the 
lower four banks of the DRAM to be refreshed. A refresh command with BA2 driven high will 
cause the upper four banks of the DRAM to be refreshed. Although this multibank addressing 
20 scheme naturally supports the most straight-forward sequential address assignment to banks, 
other assignments are applicable. 



TABLE B 



BAO 


BAl 


BA2 


Refreshed Bank(s) 


DON'T CARE 


DON'T CARE 


Low^^ 


Banks 0-3 


DON'T CARE 


DON'T CARE 


High 


Banks 4-7 


Note 1:BA2 = D0^ 


I'T CARE for four bank devices 
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The advantages of the present invention are two fold. The power drawn by the upper or 
lower bank refresh on the eight bank part will be the same as the power drawn by m "all bank" 
5 refresh on a four bank part, without requiring the refresh period to be extended in time. This 
eliminates the problem that refreshing eight banks simultaneously would ordinarily cause an 
instantaneous current draw that exceeds the limits of the package and die. 

In addition, the upper/lower refresh command allows half of the banks to remain open 
and accessible for reads and writes during the refresh of the other half of the banks. 
10 Furthermore, the refresh time is left equal to the refresh time for a fom bank device, minimizing 
the chance of a large queue of read requests to be waiting for the refresh to complete. 

An additional embodiment of the present invention defines the partial refresh command 
to cause either one fourth of the banks to be refreshed, or optionally, one half of the banks to be 
refreshed. Table C below indicates how such a command is implemented for an 8-bank 
15 SDRAM. Again, this multibank addressing scheme naturally supports the most straight-forward 
sequential address assignment to banks, other assignments are applicable. 

TABLE C 



BAO 


BAl 


BA2 


Refreshed Bank(s) 


LOW 


LOW 


LOW 


Banks 0-2 


LOW 


HIGH 


LOW 


Banks 1 ~ 3 


HIGH 


LOW 


LOW 


Banks 4-5 


HIGH 


HIGH 


LOW 


Banks 6-7 


LOW 


LOW 


HIGH 


Banks 0-3 


HIGH 


LOW 


HIGH 


Banks 4-7 


DON'T CARE 


HIGH 


HIGH 


Reserved 
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The present invention is extendable to a 16-bank SDRAM. The general case is a refresh 
command that causes "M banks" to be refreshed on an '"N bank" DRAM. 

FIG. 9 illustrates a m emory controller according to an embodiment of the present 
invention> Memory controller 900 maintains separate work queues, upper bank work queues 910 
5 and lower bank work queues 920 for each bank of the SDRAM 200 . The memory controller 
900 may also maintain refresh counter portions 945 A-945H for each memory bank array in the 
SDRAM 200. The refresh counter portions 945 A-945H may be organized into upper bank 
counters 945E-945H and lower bank counters 945A-945E. Memory controller 900 may utihze 
upper bank counters 945E-945H and lower bank counters 945A-945E to keep track of upper 
10 bank refreshes separately from lower bank refreshes. Memory controller 900 may also utilize an 
upper bank refresh scheduler 950 and a lower bank refresh scheduler 960. The upper bank 
refresh sclieduler 950 and the lower bank refresh scheduler 960 may operate utilizing a credit or 
debit model. 

For example, either scheduler 950. 960 mav have a count er with a maximum count of 8 thatis 
15 incremented each time a refresh occurs, and decremented every tRE FI nsec. If the counter = 8. then ho 
more refreshes are needed for a specified ti me, if the counter = 0. then a priority refresh has to occur 
(up per or lower). If the counter is between 1 and 7. then a refre sh can be scheduled opportunisticaliv 
whenever the upper emotv signal 91 1 or lower emptv signal 921 are asserted. 

t in embodiments of the present invention, thea memory controller JQQ in communication 
20 with the SDR AM 200 memorv devic e may keep track of in which bank the AUTO-REFRESH 
command is being performed. In an eight bank system, the knowledge of the current banks 
being refreshed may be maintained by the memory controller JQQ. The memory controller JQQ 
specifies the bank(s) to be refreshed at the initiation of an AUTO-REFRESH command with the 
BA signals (BAO, BAl, BA2) on the BA pins in a eight memory bank device. In embodiments 
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of the present invention, only the banks specified to be refreshed need to be idle at a given time. 
Thus, other commands may be performed on other banks not being refreshed during an auto 
refresh operation on the specified banks. Other embodiments of the present invention may 
include restrictions as to which DRAM commands may be performed concurrently with the 
refresh command, or concurrently during a specified phase of the refresh cycle tRFc- For 
example, reads, writes and precharges may be allowed, but activate may be disallowed, in which 
case, pages must be left open in order for work to be done during the partial bank refresh. 

The tRFc time, shown in FIG. 3, representing the command period from a refresh to a 

refresh or from a refresh to an ACTIVE command can be utilized to perform commands in banks 
not being refreshed. For example, the auto refreshing of the banks Ozl memory arrays while an 
active and a read operation are performed in the bank +4,memory array is illustrated in timing 
diagram form in FIG. 3 and graphically illusti'ated in FIG. 6 and FIG. 7 . As illustrated in FIG. 3, 
an auto refresh command is started by specifying bankg 0 -3 using the 'lower bank refresh 
command" i.e.. a refresh command with BA2 driven low will cause the lower four banks of the 
SDRAM to be refreshe d as the specifi e d m e mory bank array to b e r e fr e sh e d . Subsequently, an 
ACTIVE command is started in bank 4-4,to activate the rows of the bank -l-4,memory array.^^ 
illustrated in FIG. 6, the concurrent operation initiated bv the ACTIVATE command to bank 4 
begins after approximately 45 ns. FIG. 7 illustrates the concurrent operation initiated bv the 
ACTIVATE command to bank 4 begins after approximately 80 ns. - A read command with a 
read latency of two is then performed to read data out from column m column n of the activated 
row. This transfer operation is performed be fore an auto refresh command is started bv 
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specifying banks 4-7 using the ''up per bank refresh command'' i.e., a refresh command with BA2 
driven high will cause the upper four banks of the SDRAM to be refreshed. 

twQon two AUTO REFRESH commando to bank 0. Although the ACTIVE command is 
shown after the AUTO REFRESH command, the ACTIVE command to bank 1 could be 
performed boforo tho firot AUTO REFRESH command illustratod in FIG. 3. 

FIG. 3 shows an ACTIVE command and a READ command, but it will be understood 

that a write operation which writes data into SDRAM 200 or other operation could also be 
performed between the two AUTO-REFRESH commands during the tape time. In addition, the 
read operation is shown for one column of data, but may be extended to apply to a burst of length 
two, four, eight, or full page if the operation could be performed in between the two AUTO- 
REFRESH commands in the time represented by tRFc- The embodiments of SDRAM 200 
described above refer to an eight memory bank device, but the present invention applies to any 
multi-bank synchronous memory device such as a sixteen bank memory device. 

FIG. 5 illustr ates usin i^ an all bank refresh command to refresh 16 rows according to an 
embodiment of the present invention. For example, a 1 Gb, 8 bank DDR2 SDRAM 200 is 
refreshed bv an all bank refresh command where 2 rows per bank are refreshed per refresh 
command. FIG. 5 illustrates that during the time tp pr; = 127.5 ns. 2 rows per bank, row a and row 
b. for banks Q-7 are refreshed in a staggered fashion. Note that no concurrent ope rations take 
place. Thus. 8192 refresh commands are issued bv the mem ory controller 900 per tppp = 64 ms. 

FIG. 6 illustrates using a lower half bank refresh command to refresh 8 rows according to 
an embodiment of the present invention. For example, a 1 Gb. 8 bank DDR2 SDRAM 200 is 
refreshed b v a lower half bank refresh command where 2 rows per bank are refreshed per refresh 
command for 4 banks. FIG. 6 illustrates that during the time tf?Fr = 90 ns, 2 rows per bank, row a 
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and row b. for banks 0-3 are refreshed in a staggered fashion. For this embodiment twice as 
many refresh commands (16384) would be required as compared to the all bank refresh (8192^ 
described above to refresh all the rows in all 8 banks in tpFF = 64 ms. However, note that 
concurrent operations on banks 4-7 is achievable after approximately 45 ns and lasting for 
approximately 45 ns. The 45 ns delay period allows all 8 rows to begin the refresh operation 
before concurrent operations begin. This is required to prevent the concurrent operations, such 
as an activate operation which draws significant current, to occur during the beginning of a 
refresh operation. Also note that the rows are refreshed in a staggered fashion per refresh 
command to prevent the large current snike that would occur if all rows were refreshed at exactly 
the same time. 

FIG. 7 illustrates using a lower half bank refresh command to refresh 16 r ows according 
to an alternative embodiment of the present invention. For example, a 1 Gfa. 8 bank DDR2 
SDRAM 200 is refreshed bv a lower half bank refresh command where 4 rows per bank are 
refreshed per refresh command. FIG. 7 illustrates that diu^ing the time tp^r = 127.5 ns. 4 rows 
per bank, rows a, b, c. and d for banks 0-3 are refreshed in a staggered fashion. For this 
embodiment an equal number of refresh commands (8192^ would be required as co mpared to the 
all bank refresh (8192^ described above to refresh all the rows in all 8 banks in tpFF = 64 ms. 
However, note that concurrent operations on banks 4-7 is achievable after approximately 80 ns 
and lasting for approximately 50 ns. The 80 ns delav period allows all 16 rows to begin the 
refresh operation before concurrent operations begin. Again, this is require d to prevent the 
concurrent operations, such as an activate operati on which draws significant current, to occur 
during the beginning of a refresh operation. Also note that the rows are refreshed in a staggered 
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fashion per refresh command to prevent the large current spike that would occur if all rows were 
refreshed at exactl y the same time. 

The embodiments shown in FIG 6 and FIG 7 illustrate the tradeoff between using twice 
as many refresh commands to achieve a shorter time period before concurrent operations are 
allowed to begin (45 ns^ versus an equal number of commands (compared to the all bank refresh) 
resulting in a longer time period before concurrent operations are allowed to begin (80 nsV 

FIG. ^I^illustrates a flow chart diagram of a partial bank refresh to a portion of the banks 
occurring along with an activate operation followed by a read or write operation to a portion of 
the banks not being refreshed. The SDRAM 200 receives §0&-Sffi=control signals including a 
10 row access strobe (RAS*) signal on a RAS* pin, column access strobe (CAS*) signal on a CAS* 
pin, and a write enable (WE*) signal on a WE* pin. The conunand decoder 260 decodes 
805 t he RAS*, CAS*, and WE* signals to place the command controller 280 in a particular 
conmiand operation sequence. The conraiand controller 280 will initiate #4^MD,an AUTO- 
REFRESH command if registering CS*, RAS* and CAS* low with WE* high. The conmiand 
15 decoder 260 determines ^ ^815 the bank(s) to be refreshed using bank address signals (BAO, 
BAl, BA2) received on the plurality of bank address lines. The command controller 280 
precharges ^30 -820 the memory bank(s) to be refreshed to place them in an idle state. The 
internal refresh controller 240 and refresh coimter 245 specific to bank(s) being refreshed 
determines ^§ ^825 t he row(s) to be refreshed. The selected row(s) of selected bank(s) is/are 
20 refreshed ^^830. The refresh counter for the bank refreshed is incremented 

In addition, other commands may be performed on other banks not being refreshed 
during an auto refresh operation on the banks specified to be refreshed. The SDRAM 200 
receives ^00 -800 c ontrol signals including a row access strobe (RAS*) signal on a RAS'*' pin. 
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column access strobe (CAS*) signal on a CAS* pin, and a write enable (WE*) signal on a WE* 
pin. The command decoder 260 decodes #Og "805 the RAS*, CAS*, and WE* signals to place 
the command controller 280 in a particular command operation sequence. The command 
controller 280 may initiate ^ ^850 an ACTIVATE conmiand to a bank not being refreshed if 
registering CS*, CAS* low with RAS* and WE* high. The command decoder 260 determines 
^ ^855 t he bank to be activated using bank address signals (BAO, BAl, BA2) received on the 
plurality of bank address lines and determines the row to be activated using address signals (AO- 
AN) received on the address lines. The command controller 280 may initiate #60-MQ=a READ 
command if registering CS*, CAS* low with RAS* and WE* high. Altematively, the command 
controller 280 may initiate ^6»-860a WRITE command if registering CS*, CAS*, and WE* low 
with RAS* high. The command decoder 260 determines ^ ^865 t he bank to be read or written 
to using bank address signals (BAO, BAl, BA2) received on the bank address lines and 
determines the column(s) to be read or written to using address signals (AO- AN) received on the 
address lines. The SDRAM 200 then performs the read or write operation. 

While the description above refers to particular embodiments of the present invention, it 
will be understood that many modifications may be made without departing from the spirit 
thereof The accompanying claims are intended to cover such modifications as would fall within 
the true scope and spirit of the present invention. The presently disclosed embodiments are 
therefore to be considered in all respects as illustrative and not restrictive, the scope of the 
invention being indicated by the appended claims, rather than the foregoing description, and all 
changes which come within the meaning and range of equivalency of the claims are therefore 
intended to be embraced therein. 
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What is claimed is: 

1. - A method of operating a memory device having muhiple memory bank arrays and being 
responsive to command signals and a plurality of bank address signals, the method comprising: 

specifying at least one of a multiple of memory bank arrays to be refreshed using a 
5 plurality of bank address signals; and 

initiating in response to first command signals an auto-refresh command controlling an 
auto refresh operation to the specified at least one of the multiple memory bank arrays. 

2. - The method of claim 1, wherein the specified at least one of the multiple memory bank 
arrays is specified in logic based on the plurality of bank address signals received. 

10 3. - The method of claim 1 further comprising: 

initiating, before or during the auto refresh operation to the at least one of the specified 
memory bank arrays, a second command signal controlling a second operation, other than an 
auto refresh operation, to a second memory bank array of the multiple memory bank arrays, 
which is not one of the at least one of the specified memory bank arrays being refreshed. 
1 5 4. - The method of claim 1 , wherein multiple rows per memory bank array are refreshed per 
auto-refresh command. 

5. The method of claim 1. wherein multiple rows per memory bank array are refreshed in a 
staggered fashion per auto-refresh command. 

$6, - The method of claim 1, wherein the method is performed using a synchronous dynamic 
20 random access memory device. 

7. The method of claim 3. wherein the second operation is selected from the group 
consisting of activate operations^ read operations, write operations and precharse operations. 
68. - An article comprising: 
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a storage medium having stored thereon instructions that when executed by a machine 
result in the following 

specifying at least one of a multiple of memory bank arrays to be refreshed using a 
plurality of bank address signals; and 

initiating in response to first command signals an auto-refresh command controlling an 
auto refresh operation to the specified at least one of the multiple memory bank arrays. 
?9. - The article according to claim wherein the specified at least one of the multiple 
memory bank arrays is specified in logic based on the plurality of bank address signals received. 
&10. -The article according to claim 68, further comprising: 

initiating, during the auto refresh operation to the at least one of the specified memory 
bank arrays, a second conraiand signal controlling a second operation, other than an auto refresh 
operation, to a second memory bank array of the multiple memory bank arrays, which is not one 
of the at least one of the specified memory bank arrays being refreshed. 
911. -The article according to claim wherein multiple rows per memory bank array are 
refreshed per auto-refresh command. 

12. The article according to claim 8. wherein multiple rows per memory bank array are 
refreshed in a staggered fashion per auto-refresh command. 

Wil.^-The article according to claim wherein the method is performed using a synchronous 
dynamic random access memory device. 

14. The article according to claim 10, wherein the second operation is selected from the 
group consisting of activate operations, read operations, write operations and precharee 
operations. 

44-15.__-A memory device responsive to command signals and bank address signals, the memory 

24 



PATENT 
81674-2294374 

device comprising: 

m ultiple memory bank arrays, each memory bank array having storage cells; and 

a command controller/decoder responsive to selected command signals and bank address 

signals to initiate an auto-refresh command controlling an auto refresh operation to at least one 

specified memory bank array of the multiple memory bank arrays. 

ttM.=_-The memory device of claim 4+11, wherein the at least one specified memory bank array 
of the multiple memory bank arrays is determined based on which memory bank arrays have 
been refreshed and a subsequent known order of refreshing the memory bank arrays. 
i^n^The memory device of claim 4316, wherein the at least one specified memory bank array 
of the multiple memory bank arrays is determined based on a command specifying which bank is 
to be next refreshed and a subsequent known order of refreshing the memory bank arrays. 
4418._-The memory device of claim 431^, wherein the command controller/decoder is 
responsive to selected command signals to initiate during the auto refresh operation to the at least 
one of the specified memory bank arrays a second command controlling a second operation, 
other than an auto refresh operation, to a second memory bank array of the multiple memory 
bank arrays, which is not one of the at least one of the- memory bank arrays being refreshed. 
4#i2w-Th® memory device of claim 4411, further comprising a refresh counter for incrementing 
an address of a row to be refreshed, wherein the refresh counter has a separate counter portion 
for each of the multiple memory bank arrays. 

462Q.=^-The memory device of claim 4411, wherein multiple rows per memory bank array are 
refreshed per auto-refresh command. 

2 1 . The memory device of claim 1 5. wherein multiple rows per memory bank array are 
refreshed in a staggered f ashion per auto-refresh command. 
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4^22._-The memory device of claim 44Ii, wherein the memory device is a synchronous 
dynamic random access memory. 

23. The memory device of claim 18, wherein the second operation is selected from the group 
consisting of activate ope rations, read operations, write operations and precharge operations. 
4*24.^-A method of operating a memory device having multiple memory bank arrays and being 
responsive to command signals and a plurality of bank address signals, the method comprising: 

specifying at least one of a multiple of memory bank arrays to be refreshed using a 
plurality of bank address signals; 

initiating in response to first command signals an auto-refresh command controlling an 
auto refresh operation to the specified at least one of the multiple memory bank array s, wherein 
multiple rows per memory bank array are refreshed per auto-refresh command : and 

initiating, before or during the auto refresh operation to the at least one of the specified 
memory bank arrays, a second command signal controlling a second operation, other than an 
auto refresh operation, to a second memory bank array of the multiple memory bank arrays, 
which is not one of the at least one of the specified memory bank arrays being refreshed. 
4^2i._-The method of claim J-824, wherein the specified at least one of the multiple memory 
bank arrays is specified in logic based on the pluraUty of bank address signals received. 
302^._-The method of claim 4^24, wherein multiple rows per memorv bank array are refreshed 
in a staggered fashion per auto-refresh command. w h e r e in multiple rows p e r m e mory bank array 
are refreshed per auto refresh command. 

34-22 w-The method of claim +824, wherein the method is performed using a synchronous 
dynamic random access memory device. 
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332S._-The momorv control] e n nethod of claim wherein the second operation is selected 
from the group consisting of activate operations, read operations, write operations and precharge 
operations. 

3522._-The momnrv controlle r method of claim wherein second command signals, to 
initiate an activate operation to open a page not to be refreshed, are issued by the memory 
controller befefe -after first command signals to initiate an auto-refresh command controUing an 
auto refresh operation to the specified at least one of the multiple memory bank arrays to be 
refreshed, in preparation for issuing second command signals to initiate read operations or write 
operations to the open page. 

342fl._-A memory controller for controlling a memory device having multiple memory bank 
arrays comprising: 

a processor for scheduling and generating a pluraUty of bank address signals, first 
command signals, and second command signals, wherein the plurality of bank address signals 
specifies at least one of a multiple of memory bank arrays to be refreshed, the first command 
signals initiate an auto-refresh command controlling an auto refresh operation to the specified at 
least one of the multiple memory bank arrays, and the second command signals initiate, before or 
during the auto refresh operation to the at least one of the specified memory bank arrays, a 
second command controlling a second operation, other than an auto refresh operation, to a 
second memory bank array of the multiple memory bank arrays, which is not one of the at least 
one of the specified memory bank arrays being refreshed. 

3^21._-The memory controller of claim 343Q, wherein the specified at least one of the multiple 
memory bank arrays is specified in logic based on the plurality of bank address signals received. 
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3632.^-The memory controller of claim 342Q, wherein multiple rows per memory bank array are 
refreshed per auto-refresh command. 

33> The memory controller of claim 30, wherein multiple rows per memory bank array are 
refreshed in a staggered fashion per auto-refresh command. 

27M.=-The memory controller of claim 342fi, wherein the memory device is a synchronous 
dynamic random access memory device. 

3SM.=,-The memory controller of claim 341Q, wherein the second operation is selected from the 
group consisting of activate operations, read operations, write operations and precharge 
operations. 

10 392fi.^-The memory controller of claim wherein second command signals to initiate a 
second activate operation to open a page not to be refreshed are issued by the memory controller 
befefe -after first command signals to initiate an auto-refresh command controlling an auto 
refresh operation to the specified at least one of the multiple memory bank arrays to be refreshed, 
in preparation for issuing second command signals to initiate read operations or write operations 
15 to the open page. 

5012-=-A system comprising: 

a memory device having multiple memory bank arrays; and 
a memory controller for controlling the memory device, including a processor for 
scheduling arid generating a plurality of bank address signals, first conmiand signals, and second 
20 command signals, wherein the plurality of bank address signals specifies at least one of a 
multiple of memory bank arrays to be refreshed, the first command signals initiate an auto- 
refresh command controlling an auto refresh operation to the specified at least one of the 
multiple memory bank arrays, and the second command signals initiate, before or during the auto 
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refresh operation to the at least one of the specified memory bank arrays, a second command 
controlling a second operation, other than an auto refresh operation, to a second memory bank 
array of the multiple memory bank arrays, which is not one of the at least one of the specified 
memory bank arrays being refreshed. 

34-M.^-The system of claim ^37, wherein the specified at least one of the multiple memory 
bank arrays is specified in logic based on the plurality of bank address signals received. 
^39._-The system of claim 9^2ly wherein multiple rows per memory bank array are refreshed 
per auto-refresh command. 

40» The system of claim 37, wherein multiple rows per memory bank array are refreshed in a 
staggered fashion per auto-refresh command. 

^34i.^-The system of claim ^12, wherein the memory device is a synchronous dynamic 
random access memory device. 

3^._-The system m e mory controll e r of claim ^12, wherein the second operation is selected 
from the group consisting of activate operations, read operations, write operations and precharge 
operations. 

3#41.^-The svste m memorv controll e r of claim 3442, wherein second command signals to 
initiate a second activate operation to open a page not to be refreshed are issued by the memory 
controller befefe -after first command signals to initiate an auto-refresh command controlling an 
auto refresh operation to the specified at least one of the multiple memory bank arrays to be 
refreshed, in preparation for issuing second command signals to initiate read operations or write 
operations to the open page. 
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ABSTRACT OF THE DISCLOSURE 

A "partial refresh command" is used to refresh a fraction of the banks in a multi-bank 
DRAM. In a first implementation the command refreshes one half of the banks. In a second 
implementation the command refreshes one quarter of the banks. The power drawn by the upper 
5 or lower bank refresh on the eight bank DRAM is the same as the power drawn by an "all bank" 
refresh on a four bank DRAM, without requiring the refresh period to be extended. 
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Receive control signals including a row 
access strobe (RAS*) signal on a RAS* 
pin, column access strobe (CAS*) signal 
on a CAS* pin, and a write enable (WE*) 
signal on a WE* pin. 

800 



Command decoder decodes the RAS*, 
CAS*, and WE* signals to place 
command controller in a particular 
command operation sequence. 

805 



Initiate an AUTO REFRESH command 
if registering CS*, RAS* and CAS* low 
with WE* high. 

810 



Initiate an ACTIVATE command if 
registering CS*, CAS* low with RAS* 
and WE* high. 

850 



Determine bank(s) to be refreshed using 
bank address signals (BAO, BAl, BA2) 
received on the bank address lines. 
815 



Precharge memory bank(s) to be 
refreshed to place them in an idle state. 
820 



Determine row(s) to be refreshed using 
internal refresh controller and refresh 
counter specific to bank(s) being 
refreshed. 

825 



Refresh selected row(s) of selected 
bank(s). 

830 



Increment refresh counter for bank 
refreshed. 

835 



t 

Determine bank to be activated using 
bank address signals (BAO, BAl, BA2) 
received on the bank address lines. 

Determine row to be activated using 
address signals (AO-Al 1) received on 
the address lines. 

855 



Initiate a READ command if registering 
CS*, CAS* low with RAS* , WE* high. 

Initiate a WRITE command if 
registering CS*, CAS*, and WE* low 
with RAS* high. 

860 



Determine bank to be read or written to 
using bank address signals (BAO, BAl, 
BA2) received on the bank address lines. 
Determine column(s) to be read or 
written to using address signals (AO- 
Al 1) received on the address lines. 
Perform read or write operation. 
865 
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